The long-term changes in insulin sensitivity and β-cell function in morbidly obese patients with type 2 diabetes mellitus who undergo Rouxen-Y gastric bypass (RYGB) surgery or standard medical care remain unclear. We prospectively studied longitudinal changes of glucostatic parameters in morbidly obese patients with type 2 diabetes mellitus undergoing RYGB surgery or diabetes support and education (DSE). Research Methods and Design: Sixty-one morbidly obese subjects (41.7 ± 0.6 kg/m 2 ) with type 2 diabetes mellitus were assigned to RYGB surgery (n = 30) or DSE (n = 31). They were matched for sex, age, and body weight. Insulin sensitivity index (Si) and acute insulin response (AIR) were derived from frequently sampled intravenous glucose tolerance test. Body composition was measured using dual-energy x-ray absorptiometry. General linear model with repeated measures was used to examine the longitudinal changes (baseline, 6 months, 12 months) in these parameters. Results: At 12-month follow-up, significant improvement in obesity measures, body composition, glucose homeostasis, Si, and AIR was observed after RYGB surgery and weight loss. These outcomes were not influenced by preoperative insulin use. Although there were no significant changes in the body composition among DSE subjects, they experienced a decline in the Si and AIR, along with an increase in fasting glucose and HbA1c. The betweengroup differences in Si and AIR at 12-month follow-up were completely attenuated with adjustment to changes in body weight.
diometabolic diseases, studies have shown that the coexistence of morbid obesity and type 2 diabetes mellitus (T2DM) exponentially increases the risk of premature death. 2 Although lifestyle intervention and medications remain the cornerstone treatment in the public health effort in fighting both obesity and T2DM, they are less effective for most people with morbid obesity. In recent years, Roux-en-Y gastric bypass (RYGB) surgery has been used widely and with great success to facilitate weight loss in morbidly obese individuals. Roux-en-Y gastric bypass is also effective in providing high rate of remission of T2DM and other cardiometabolic risk factors. 3 In addition, several studies have shown that RYGB surgery is a very cost-effective treatment of T2DM compared with standard medical therapy. 4 For these reasons, the American Diabetes Association has recommended that bariatric surgery should be considered in patients with T2DM who have a BMI of or greater than 35 kg/m. 2, 4 However, there remain several unresolved issues that might deter a wider adoption of bariatric strategy in managing obese diabetic individuals in clinical practice. First, reversal of hyperglycemia after RYGB surgery and weight loss are often accompanied by an improvement in insulin secretion and insulin sensitivity which persists over time. 5, 6 However, these studies are limited by the inclusion of a small number of patients with T2DM. In addition, the preoperative use of insulin therapy has been associated with a lower rate of diabetes remission after bariatric surgery, but there was no long-term systematic assessment of the glucostatic parameters. 7, 8 Finally, there is a large population of morbidly obese individuals who are offered standard medical care with Diabetes Support and Education (DSE) due to prohibitive cost of bariatric surgery or lack of insurance coverage. The Look AHEAD study has recently reported favorable metabolic changes among morbidly obese T2DM individuals randomized to intensive lifestyle intervention, 9 but the metabolic and glucostatic changes in those who were offered DSE are largely unknown.
Herein, in this study we test the hypothesis that the longitudinal changes in the glucostatic parameters in patients with T2DM are partly dependent on the amount of weight loss induced by RYGB surgery. In addition, we systematically compare the longterm changes in the glucostatic parameters among insulin users with noninsulin users at baseline. Given the progressive nature of T2DM, we hypothesize that those who are offered DSE may exhibit deterioration in the glucostatic parameters due to increasing adiposity. The findings of this study may provide further impetus for health care decision makers in making intensive lifestyle intervention, if not RYGB surgery more easily accessible for those with morbidly obese T2DM.
did not undergo surgery because of refusal of insurance company to cover the cost of surgery were enrolled into the DSE program. The RYGB group was matched with the DSE group using a matching patient's algorithm according to age, sex, and body weight. The matching process was verified every 10 enrollments in the RYGB group to allow targeted recruitment in the DSE group. Inclusion criteria were clinical diagnosis of T2DM diabetes mellitus according to the American Diabetes Association criteria, 10 BMI of 35 kg/m 2 or more in accord with the 1991 National Institutes of Health obesity surgery consensus conference criteria, stable weight for the previous 3 months, and age between 18 and 60 years. Exclusion criteria included history of cardiovascular heart disease (previous myocardial infarction, stroke, and peripheral artery disease); malignancy; uncontrolled hypertension; previous esophageal, gastric, pancreatic, small bowel, or large bowel surgery; tobacco use; or significant psychiatric disorder. All subjects provided informed consent before participating in the study, and ethics approval was obtained from the Duke University Institutional Review Board.
Study Investigations
All hypolipidemic medications were stopped 4 weeks, oral antidiabetic and antihypertensive agents were withheld 3 days, and insulin therapy was stopped 24 hours before the study procedures. Participants were refrained from strenuous exercise for at least 24 hours before the study procedures. Participants were instructed to follow a weight-maintaining daily diet containing 35 kcal/kg of body weight and consisting of 55% carbohydrates, 25% fat, and 20% protein 1 week before the initial examination. All participants were examined in the early morning (8 AM) after 12-hour overnight fast. Anthropometric measures were taken, with the participant in lightweight clothing with shoes removed. Height and weight were measured to the nearest 0.1 cm and 0.5 kg, respectively. Body mass index was calculated as body weight (in kilograms) divided by the square of height (in meters). Waist circumference was measured with a nonelastic tape at the midpoint between the costal margin and the iliac crest in the midaxillary line to the nearest 0.1 cm. Body composition analysis [percent body fat, fat-free mass (FFM), and percent trunk fat] was estimated from dual-energy x-ray absorptiometry ,using a Hologic system (Hologic Discovery QDR Wi).
A 3-hour frequently sampled intravenous glucose tolerance test (IVGTT) was performed to estimate acute insulin response to glucose (AIRg) and insulin sensitivity (Si). Briefly, a bolus of glucose (0.3g/kg body weight in a 50% solution) was administered within 60 seconds into the antecubital vein. Regular insulin was administered as a bolus injection at 20 minutes [0.03 unit/kg body weight Actrapid (insulin soluble human); NovoNordisk, Copenhagen, Denmark]. Blood was sampled from the contralateral antecubital vein at −15, −10, −5, 0, 3, 4, 5, 6, 7, 9, 11, 15, 20, 23, 25, 30, 50, 70 , 100, 140, and 180 minutes for assessment of the plasma glucose and insulin. Samples were placed in chilled tubes, and plasma was separated within 20 minutes and stored at −80
• C. The anthropometric measurements, dual-energy x-ray absorptiometry, and IVGTT were repeated at 6-and 12-month follow-up.
Laboratory Procedures
Serum samples were stored at −80
• C until assayed. All samples were analyzed at the same time. Plasma glucose concentrations were determined by the glucose oxidase method on a BeckmanCoulter Unicel DxC600 analyzer. Immunoreactive insulin was determined in plasma with a double-antibody immunoassay method (Linco Research, St Louis, MO). Nonesterified free fatty acid (FFA) levels were measured using an enzymatic colorimetric method on a Beckman-Coulter DxC600 analyzer. HbA1C was measured using an ion exchange chromatography method (Variant II, Bio-Rad Laboratories). Serum highly sensitive C-reactive protein (hsCRP) was measured using immunoassay implemented on Beckman-Coulter Synchron Systems. The lowest concentration that can be measured with an interassay coefficients of variability of 20% is 0.18 mg/L or less.
STUDY INTERVENTIONS Roux-en-Y Gastric Bypass Surgery
The procedure consisted of a laparoscopic approach with two 10-mm ports and four 5-mm ports. The technique included the creation of an isolated 10-to 15-mL proximal gastric pouch, an antecolic Roux-en-Y gastrojejunostomy with linear stapler technique, a 100-cm Roux-limb, a 50-cm biliopancreatic limb, and a stapled end-side enteroenterostomy. All operations included endoscopy at the conclusion of the procedure to check for anastomotic leaks. There were no postoperative complications, and all subjects were discharged between postoperative day 1 and day 3.
Diabetes Support and Education
Diabetes Support and Education program included 3 group educational and social support sessions per year after enrollment. The educational sessions included 1 seminar on diet and nutrition counseling and 1 seminar related to exercise. These sessions were informational and did not teach behavioral self-regulation skills. Sessions were conducted by a certified diabetic educator and a nutritionist with a background in diabetes education, exercise, and nutrition. Support groups were offered to provide an opportunity for participants to discuss issues related to living with diabetes.
For the entire duration of the study, all participants (RYGB and DSE) continued to receive comprehensive management of diabetes and other cardiovascular risk factors. The medications were adjusted or withdrawn by the treating physician on the follow-up examination to meet the recommended goal for glycemic control (HbA1c <7%), blood pressure less than 130/80 mm Hg, low-density lipoprotein cholesterol less than 100 mg/dL, and triglycerides less than 200 mg/dL.
STATISTICAL ANALYSES
Acute insulin response to glucose and Si were estimated using mathematical modeling methods (MINMOD Millennium, ver. 6.02). Acute insulin response to glucose was used as index of first-phase insulin secretion in response to glucose. Si represents an index of the ability of insulin to promote the disposal of glucose; a higher Si indicates enhanced insulin sensitivity. The disposition index (DI) was expressed as DI = SI × AIRg. Fat-to-FFM ratio was calculated as total body fat divided by FFM and represents the relative amount of body fat to lean mass.
All values were given as means ± standard error unless otherwise stated. The statistical analyses were carried out using the SPSS software version 17.0 (SPSS Inc, Chicago, IL, USA). We used univariate analysis to compare the magnitude of change at 6 months and 12 months from baseline between the 2 intervention groups, with and without adjustment for changes in body weight, and to examine the trend in the variables from baseline to 12-month follow-up. General linear model with repeated measures were used to examine the changes in the variables with follow-up period. Interaction term "interventions × follow-up period" was used to examine the difference in the trend between RYGB and DSE interventions. Comparison for the changes from baseline to 12-month follow-up in body composition, glucose homeostasis, and glucostatic parameters between insulin users and noninsulin users at baseline in the RYGB group was Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
conducted using independent Student t test. All statistical tests were 2-sided and a P value less than 0.05 was considered significant.
RESULTS
The study enrolled 67 obese participants with T2DM from January 2008 to June 2010. Thirty-two participants approved for surgical weight loss treatment by their health insurance carrier were recruited for RYGB surgery. Two patients of the RYGB group were withdrawn from the trial according to study's protocol because they did not undergo RYGB.
Another 35 participants were enrolled into the DSE program group. Four DSE patients were withdrawn from the study because they failed to show for the baseline testing (n = 2) and had fasting blood glucose more than 300 mg/dL on the morning of the study's testing (n = 2). The DSE group included 22 patients recruited among individuals who were eligible for RYGB surgery but did not undergo surgery because of refusal of insurance company to cover the cost of surgery. Another 13 patients were enrolled from the Diabetes Clinic to ensure adequate matching with the RYGB group. Table 1 shows the baseline characteristics of the study participants. The mean (standard error) age was 48.5 (1.0) years and body weight was 117.2 (2.2) kg. Although there was no significant difference in the body weight, participants in the RYGB group had significantly greater BMI and waist circumference than those in the DSE group. The percent trunk fat was also significantly greater in the RYGB than in the DSE group. However, the percent body fat did not differ significantly between the 2 groups. Other metabolic profiles (fasting glucose, HbA1c, fasting insulin, insulin sensitivity, insulin secretion, FFA, and hsCRP) were similar between the 2 groups. There was no statistical difference in the diabetes therapy between the 2 groups. Table 2 shows the magnitude change in body composition, glucose homeostasis, and glucostatic parameters from baseline to 6-and 12-month follow-up for both intervention groups. The outcome data were collected for 97% subjects in the RYGB group (n = 30) and 87% subjects in the DSE group (n = 31) at 6-month follow-up and 100% in both groups at 12-month follow-up. The hsCRP concentrations were significantly reduced in the RYGB group (P trend <0.001 from baseline to 12-month follow-up). The FFA levels were reduced in both intervention groups, with a greater decline seen in the RYGB group over 12-month follow-up (P trend = 0.042) (Fig. 1) .
Changes in the Body Composition
There was a marked reduction in body weight, BMI, waist circumference, percent body fat, and percent trunk fat from baseline to 6-and 12-month follow-up in the RYGB group (all P values <0.001) ( Table 2 and Fig. 1) , with most robust improvement observed at 6-month follow-up. There was no significant change in the body composition in the DSE group over 12-month follow-up. The interaction term "interventions × follow-up period" was significant for changes in BMI, body weight, waist circumference, percent body fat, and percent trunk fat (all P values <0.01).
There was a significant reduction in the FFM by an estimate of 12% at 6-month follow-up and 13% at 12-month follow-up in the RYGB group (Supplemental Digital Content Figure S1 , available at http://links.lww.com/SLA/A397). However, total fat-to-FFM ratio was significantly reduced after RYGB surgery, indicating that the weight loss was accompanied by a greater loss in total body fat than in lean mass (Table 2) . Indeed, by using linear regression analysis, we found that changes in the total body fat explained 92.7% of the variance in body weight loss at 12-month follow-up, whereas FFM explained only 3.0%.
Changes in Glucose Homeostasis
Significant improvement was observed for fasting glucose, fasting insulin, and HbA1c at 6-and 12-month follow-up in the RYGB group (Table 2 and Fig. 1 ). At 12-month post-RYGB surgery, fasting insulin was significantly reduced by an estimate of 71% and fasting glucose by 24%. In contrast, at 12-month follow-up in the DSE 29 27 Values are shown as mean ± SE. P values shown in the right column refer to differences between the Diabetes Support and Education and RYGB groups at baseline. Bold values are statistically significant. Values are shown as mean ± SE. 1 P and 2 P refer to between-group differences for the changes from baseline to 6 months and 12 months, respectively. P trend refers to temporal changes in the variable of interest from baseline to 12-month follow-up. Bold values are statistically significant.
group, we observed a deterioration in the fasting glucose, fasting insulin, and HbA1c from baseline, although they did not reach statistical significance ( Table 2 ). The interaction term "interventions × follow-up period" was significant for fasting glucose (P < 0.001), fasting insulin (P = 0.001), and HbA1c (P < 0.001), indicating that although overall glucose homeostasis improved after RYGB surgery and weight loss, a deterioration in the glucose homeostasis is seen in the DSE group. The between-group differences in fasting glucose and fasting insulin remained significant at each follow-up time point, although attenuated with adjustment to the changes in body weight. The between-group differences in HbA1c during follow-up were no longer significant after adjustment for changes in body weight.
At 1 year in the RYGB group, 77% patients stopped all diabetes medications, including all patients who were on insulin therapy at baseline. The remaining 23% patients experienced reduction in the antidiabetes medication. On the contrary, in the DSE group, there were no changes in the diabetes medications in 71% patients, increased in 26%, and reduced in 3% patients.
Changes in the Glucostatic Parameters
Changes in the key indices of glucose-insulin dynamics estimated using the Minimal Model from frequently sampled IVGTT test are shown in Table 2 . In the RYGB group, Si, AIR to glucose, and DI improved significantly at each follow-up time point compared with baseline (Fig. 2) . In contrast, in the DSE group, there was deterioration in Si, AIRg, and DI over 12-month follow-up but did not reach a statistical significance ( Table 2 , P trend > 0.05). The interaction term "interventions × follow-up period" was significant for AIRg (P = 0.036) and Si (P = 0.037) but did not reach statistical significance for DI (P = 0.053) (Fig. 2) . The between-group differences in these minimal model indices were no longer significant with adjustment to the changes in body weight. We did not observe significant changes in the glucose effectiveness with either intervention groups.
The glucose plot during IVGTT is shown in Supplemental Digital Content Figure S2 , available at http://links.lww.com/SLA/A397. The glucose excursion was significantly altered after RYGB surgery and weight loss, and between-period differences were significant from baseline to 6-month follow-up (P < 0.001) and from baseline to 12-month follow-up (P < 0.001). The interaction term "interventions × follow-up period" was significant (P = 0.006), indicating that the kinetic in the glucose profiles during IVGTT was significantly altered after RYGB surgery and weight loss at 12-month follow-up.
Changes in Body Composition, Glucose Homeostasis, and Glucostatic Parameters Between Preoperative Insulin and Noninsulin Users Among RYGB Participants
The changes in the body composition, glucose homeostasis, and glucostatic parameters over 12-month follow-up between preoperative insulin and noninsulin users were similar among RYGB participants (Table 3) . At 12-month follow-up, the changes in the glucose homeostasis and glucostatic parameters trended higher in insulin users than in noninsulin users at baseline, however, did not reach statistical significance.
CONCLUSIONS
Two recent randomized controlled trial studies have prospectively compared the effectiveness of bariatric surgery with medical therapy in the management of obese patients with T2DM. 11, 12 Mingrone et al 11 showed that patients who had undergone either RYGB or biliary pancreatic diversion had greater weight loss and better glucose and lipids profiles than those who had undergone medical therapy. Similar metabolic results were shown by Schauer et al, 12 with significant reduction in the use of cardiovascular medications at 1 year of postbariatric surgery. Although both studies showed a greater attainment in glycemic goals with bariatric surgery, the changes in the glucose parameters in relation to insulin secretion and insulin sensitivity over the follow-up period are not known. In this study, we showed that in morbidly obese patients with T2DM, (1) RYGB surgery resulted in a marked improvement in body composition, glucose homeostasis, and glucostatic parameters at 1-year follow-up, where the most robust improvement was seen at 6-month post-RYGB surgery; (2) Mean (SE) changes in body weight, percent body fat, fasting glucose, and fasting insulin from baseline to 12-month follow-up.
* P < 0.05 is for between-group differences at the indicated follow-up time point. Interaction terms interventions × period were significant for body weight (P < 0.001), percent body fat (P < 0.001), fasting glucose (<0.001), and fasting insulin (P = 0.001) but did not reach statistical significance for free fatty acids (P = 0.525) and hsCRP (P = 0.223). : RYGB surgery;
•: Diabetes Support and Education (DSE).
all aforementioned parameters compared with noninsulin users at 12-month post-RYGB surgery; and (3) in the DSE group, there was deterioration in glucose homeostasis and glucostatic parameters over 12-month follow-up despite no significant changes in the body composition.
Studies have demonstrated that in morbidly obese patients, RYGB surgery results in significant changes in tissue insulin sensitivity and substrate utilization. In the early phase of RYGB surgery, many have attributed changes in the insulin sensitivity predominantly as a result of caloric restriction. 13 Only few studies have systematically documented the longitudinal effect of RYGB surgery on insulin sensitivity and insulin secretion at longer follow-up. However, these studies involved only few patients with T2DM. 5, 6, 14 The changes in these glucostatic parameters are important, as the fundamental defect in the progression to T2DM is a mismatch between insulin resistance and insulin secretion. In one study, complete remission in diabetes in 13 non-insulin-treated T2DM subjects after RYGB surgery at 1-year follow-up was accompanied by a marked improvement in peripheral insulin sensitivity (measured by hyperinsulinemic clamp study), AIRg, and substrate utilization. 6 In addition, the findings of this study imply that the aforementioned effects could be explained by energy intake restriction early after surgery and by weight loss in the longer follow-up term. Lin et al 5 further showed that in 11 severely obese patients with hyperglycemia who underwent RYGB surgery, β-cell function improved early after surgery due largely to increase in insulin secretion and stabilized over 2 years of follow-up because of improved insulin sensitivity associated with reduced adiposity. Our findings are in line with these reports but with the advantage of having a larger population of patients with T2DM with inclusion of subjects on insulin therapy preoperatively and using insulin sensitivity and β-cell function indices from minimal model analyses. We showed that the improvement in the glucose homeostasis and glucostatic FIGURE 2. Mean (SE) changes in key indices from frequently sampled intravenous glucose tolerance test derived from minimal model analyses from baseline to 12-month follow-up.
* P < 0.05 is for between-group differences at the indicated follow-up time point. Interaction terms "interventions × follow-up period" were significant for acute insulin response to glucose (P = 0.036) and insulin sensitivity index (P = 0.037) but did reach significance for disposition index (P = 0.053) and glucose effectiveness (P = 0.741). : RYGB surgery; •: Diabetes Support and Education (DSE). parameters at 1 year post-RYGB surgery was in part mediated by the amount of weight loss. When we adjusted for the amount of body weight loss at 1-year follow-up, the between-group differences for glucostatic parameters between RYGB surgery and DSE disappeared. Potential modulators for the postoperative improvement in insulin secretion and insulin sensitivity and weight loss include reversal of glucotoxicity and lipotoxicity. Both glucotoxicity and lipotoxicity have been shown to impair glucose-stimulated insulin secretion. [15] [16] [17] The exact mechanism responsible for impaired insulin secretion is still unclear. However, the use of intensive insulin therapy to reverse glucotoxicity has been examined in few studies. 18 Elevated FFA concentrations may affect posttranslational insulin modification and induce β-cell apoptosis. 19 Elevation in the plasma FFA also causes hepatic and skeletal muscle insulin resistance in healthy individuals. 17, 20 In our study, we observed a marked reduction in fasting glycemia after RYGB surgery. Although we did not measure postprandial glucose, the reduction in the HbA1c concentrations indicates an improvement in overall glycemia and the postprandial glucose excursion. In addition, we found a significant reduction in the serum FFA concentrations after RYGB surgery. A reduction in the FFA concentrations has been shown to improve insulin secretion and insulin sensitivity in patients with T2DM. 17, 21 Obesity, in particular central adiposity is also strongly associated with low-grade systemic inflammation, as measured by hsCRP. 22 It is well documented that hsCRP is an independent predictor of insulin sensitivity. 23 A recent systematic review suggests that weight loss, regardless of whether it occurs through lifestyle, dietary, and/or exercise intervention, is an effective strategy for lowering hsCRP levels. 24 In this study, we found that the hsCRP levels were significantly reduced after RYGB surgery and weight loss. In line with a recent study by Monte et al, 25 improvement in insulin sensitivity and resolution of T2DM after RYGB may be attributable, at least in part, to the reduction of endotoxemia and associated proinflammatory mediators. However, it needs further clarification whether improvement in the systemic inflammation might have an independent impact on insulin secretory function after RYGB surgery.
DSE is a nationwide program that aims to optimize metabolic control and quality of life in patients with diabetes. Several studies have shown that DSE improved glycemic control and reduced body weight. 26 The Look AHEAD study is the largest to date that compared DSE and intensive lifestyle intervention in individuals with T2DM. 27 In that study, 37.8% of participants in the intensive lifestyle intervention group achieved more than 10% weight loss compared with 3.2% of DSE participants at 1-year follow-up. Nevertheless, the participants in the DSE group experienced some improvement (not worsening) in fitness and cardiovascular risk factors. In this study, we showed that although DSE program might help curb further increase in body weight over 12-month follow-up, it did not prevent further decline in all objective measures of glucostatic parameters. We observed further deterioration in glucose homeostasis in the DSE group at 12-month follow-up. Our findings are in line with United Kingdom Prospective Diabetes Study and the Insulin Resistance Atherosclerosis Study that demonstrate progressive loss of β-cell function as key determinant of deterioration of glycemic control. 28, 29 The mechanisms underlying the decline in the glucostatic parameters in the DSE group are not clear. Longer and sustained exposure to hyperglycemia, continuing insult from lipotoxicity, and possible amyloid accumulation might further undermine β-cell function and worsen glycemic control. 16 Several studies have suggested that preoperative use of insulin therapy confers poorer outcomes (ie, diabetes remission) after RYGB surgery. 7, 8 Insulin therapy has been used as a proxy measure for significant β-cell function loss because we do not have a good and reliable measure of β-cell function in routine clinical practice. Thus, insulin therapy would indicate a more advanced stage of diabetes, which is associated with longer duration of diabetes. In a recent report of 32 morbidly obese patients with T2DM who underwent RYGB surgery, β-cell glucose sensitivity was the only significant predictors of diabetes remission. 30 Diabetes duration, antidiabetic therapy, and baseline HbA1c were not predictors of remission. In our study, we found that insulin users at baseline had similar improvement in all obesity measures and body composition than noninsulin users. The improvement in glucostatic parameters tended higher in insulin users during 1-year follow-up after RYGB surgery. By implication, impairment in the AIRg is potentially reversible and insulin use may not preclude the improvement in glucose homeostasis after RYGB surgery. However, the number of insulin users in our study is small, and this finding will require further validation from a larger study with longer follow-up.
The major strength of this study is that we provided a comprehensive assessment on the body composition measurement using dual-energy x-ray absorptiometry, and insulin sensitivity and β-cell function using minimal model analysis over 12-month follow-up period in morbidly obese patients with T2DM. There are several limitations of this study. Our study is a nonrandomized study and prone to inherent biases, but it offers a practical means of answering important clinical questions pertaining to bariatric surgery (ie, long-term changes in insulin secretion and insulin sensitivity). We had a priori clinical question, collected all information in identical fashion from both groups, and only drew specific conclusions on the basis of the data. Although a randomized controlled trial would have been ideal, it poses several practical challenges, in particular, to the amount of funding to cover the cost of surgical procedure, DSE program, T2DM medications, and follow-ups. Second, the lack of information on the gut hormones precludes us from examining the factors that might impact on the changes in insulin sensitivity and β-cell function. However, the difference in the temporal changes in these glucostatic parameters disappeared with adjustment to difference in weight loss indicates that it is likely that weight loss is the key determinant in the improvement of these glucostatic parameters. We did not report on the duration of diabetes, which might impact on the prospect of improvement in the glucostatic parameters after intervention. However, we showed that preoperative insulin users improved comparably with noninsulin users in regard to insulin sensitivity, AIRg, and body composition. Finally, we reported the derivative DI from IVGTT, which has been used widely to account for the changes in insulin secretion in response to insulin resistance in maintaining normoglycemia. However, assessment of insulin secretion in humans is more complex, as pancreatic β-cell function is related to β-cell mass, β-cell sensitivity to glucose, integrity of enteroinsular axis (incretin response to nutrient or neural stimulation to β cell), and hepatic insulin extraction. 29 Thus, IVGTT is insufficient to characterize β-cell function satisfactorily. Furthermore, acute insulin response also reflects hepatic insulin extraction 29 and by using plasma C-peptide instead of plasma insulin levels in the minimal model would have minimized the issue of hepatic insulin extraction.
In summary, our study and other investigators suggest that clinical remission in morbidly obese patients with T2DM is achievable with RYGB surgery and weight loss. A marked reduction in adiposity decreases glucogenic, lipogenic, and inflammatory stresses that result in a marked improvement in insulin secretion and insulin sensitivity. However, in morbidly obese patients with T2DM who elect standard diabetes care, we observed further deterioration in the glucostatic parameters and glucose homeostasis over 12-month follow-up, despite minimal changes in body composition. In addition, preoperative insulin users improved to similar extent as noninsulin users in regard to body composition, glucose homeostasis, and glucostatic parameters after RYGB surgery and weight loss. Further study is required to ascertain whether these changes are sustainable for longer follow-up period.
